Introduction
Michigan, and found 159 infected with an aver-
The eyes of teleosts often contain larval age o f 24 diplostomula per eye. In the fish of trematode parasites of the diplostomulum type.
Oneida Lake, New York, 11 types were disLa Rue et al. (1926) examined the eyes of 349 tinguished by Van Cleave and Mueller (1934) on fish of 12 species taken from Douglas Lake, the basis of morphology, host species, or location in the eve. However, up to the present. few been identified. In his comprehensive monograph University of Guelph, Guelph, Ont., Canada N l G 2W1. Dubois (1970) and Brooks, 1928 ) from the lens of many species of fish. and D.s. huronense from the lens and vitreous humour of trout perch (Percopsis orniscomaycus) and the yellow perch (Percaflavescens). Lester (1974) found the diplostomulum of a second species, D. scudderi (Olivier, 1941) , in the retina of Gasterosteus aculeatus.
During a survey of the parasites of P.$avescens in Ontario (Huizinga, in preparation) large numbers of diplostomula of a third species were found in the retina. The adults, which were obtained experimentally, differed from any so far described. In this paper we give a description of the adult, an account of the life cycle, and compare the effect of the diplostomula on the perch retina with the effect of D. scudderi on the retina of G. aculeatus.
The new trematode is named in honour of Dr. J. R. Adams.
Materials and Methods
Infxted pcrcb (P, (P,ave.~cens) 15 to 40 crn in length werc obtained by hook and line or by Windemem trap from either Collins Bay, Lake Nipissing, Ontario, or from the Bay of Quinte, Lake Ontario. Enucleated eyes were; refrigerated in a moist atmosphere for up to 6 days.
To produce experimental infaftions, four species of birds werc fcd either groups al'metacemriae in saline or infected perch eyes with the lenses removed (to avoid possible contamination with D. spathaceum). The number of metacercariae present in an individual eye was estimated by dissecting the paired eye. Eight ducklings from 2 to 19 days old were fed an estimated total of 700 metacercariae, and were dissected l to 6 days later; two 5-dayold chicks were fed 140 metacercariae and dissected 1 and 3 days later; three adult pigeons were fed 125 metacercariae and dissected 4 and 5 days later; one 70-day-old herring gull (Larus argentatus) was fed an estimated 400 metacercariae and dissected 10 days later. The gull was one of four taken as chicks from a breeding colony near Southampton, eastern Lake Huron. Two were dissected 2 days after capture and found to contain many adult D. spathaceum. Trematode eggs collected from the remaining birds provided miracidia which infected Lymnaea elodes and produced the typical flexed-tailed cercaria of D. spathaceum. These were used in the comparative experiments described in the results. After experimenting with various anthelminthics, niclosamide (Yomesan: Chemagro Ltd., Toronto) was fed to the two surviving gulls at a dosage of 200 mg/kg (Borst et al. 1974) . A week later two thorough faecal examinations indicated that both birds had lost their helminth infections. The experimental bird was then fed 42 refrigerated lensless eyes taken from perch caught at Lake Nipissing.
Eggs of D. adamsi passed by the experimentally infected gull were washed by repeated sedimentation in tap water and stored in aged tap water in the dark at 22 "C for 22 days. Fifty-three laboratory-raised L. elodes (progeny of snails collected near Toronto), 2 to 5 mm in shell length, were exposed individually to three miracidia each for 3 h at 25 "C. Thirty-five laboratory-raised L. stagnalis (progeny of snails from Lake Nipissing), 1 to 3 mm long, also were exposed to three miracidia each, and five small Physa sp. to five miracidia each under the same conditions.
To collect cercariae infected snails were isolated overnight. Five species of fish (lake trout (Salvelinus namaycush) 18 to 21 cm in fork length; white suckers (Catostomus commersoni), 13 to 19 cm; creek chub (Semotilus atromaculatus), 12 to 13 cm; yellow perch (Perca Jlavescens), 10 to 13 cm; and goldfish (Carassius auratus), 8 to 11 cm) were exposed individually, or in groups to free-swimming cercariae for up to 60 min, or were injected with a cercarial concentrate prepared by centrifuging cercariae at 500 rpm. for 2 min. Injections were made into the body cavity anteriolateral to the vent using a 26-gauge needle. Fish were kept at 22 + 2 "C unless otherwise specified.
Infected perch eyes were fixed in Bouin's fixative or in a formol-acetic acid -alcohol mixture (Bucke 1972) , and dissected or processed by routine histological methods and stained with haematoxylin and eosin (H and E). Two eyes lixed in Buck's fixative were examined by scanning electron microscopy (SEM). Adult flukes and metacercariae were killed in hot water and transferred to a cold form01 -acetic acid -alcohol mixture (Lester 1974) . They were stained with acetic alum carmine.
Haematoxylin-and eosin-stained sections of eyes of G. aculeatus infected with D. scudderi were from material collected in British Columbia (Lester 1974) .
Results

Adult
Eighty adults were recovered from the small intestine of the experimentally infected herring gull. The following description is based on the holotype, with ranges in parentheses from nine paratypes.
Diplostomum adamsi sp.n.
( ovary. Posterior testis bilobed 267 (190 to 281) by of the ventral sucker). In the hindbody, the 264 (187 to 296) pm with the left lobe slightly vitellaria form four strands which pass ventral to longer than the right. Mehlis7 gland positioned the testes and end in two lateroterminal arms. between the two testes. Anteriorly, the vitellaria Genital pore subterminal, 80 pm from posterior almost reach the anterior edge of the tribocytic extremity. Genital cone absent. In uterus, 9 (6 to organ (in no specimens do they pass the middle 11) eggs measuring 100 by 66 pm.
HOST: Herring gull, Larus argentatus (experimental).
LOCATION : Small intestine. LOCALITIES : Metacercariae from Lake Nipissing, Ontario (type locality), and Lake Ontario.
SPECIMENS DEPOSITED : USNM collection No. 74030 (holotype), 74031 (five paratypes), 74032 (metacercariae). Remaining paratypes in authors' collections.
Larval Stages
The eggs in water measured 99 (95 to 109) by 65 (63 to 68) pm. After 22 days they hatched on exposure to light to release a photonegative miracidium with eyespots which readily penetrated Lymnaea elodes and L. stagnalis. Cercariae were first noticed 40 days after snails were exposed to miracidia. Daughter sporocysts from the digestive gland of a 60-day-old infection in L. elodes had a subterminal birth pore (Fig. 2) . Cercariae were shed during day and night and tended to settle to the bottom when not active. A sudden decrease in light intensity caused them to rapidly swim towards the surface. Increased light produced no response and water movement produced non-directional swimming. Cercariae at rest had the body slightly bent ventrally and the caudal trunk straight and vertical.
Cercaria (Figs. 3 and 7)
Measurements are from live material. Body 190 to 280 by 35 to 50 pm. A group of 9 to 11 spines is present dorsal to the mouth. Numerous spines on the oral hood and these, like those over the rest of the body, are larger on the ventral surface than the dorsal. Nine bands of spines encircle the body, of which the first six are complete, and the seventh, eighth, and ninth incomplete on the ventral surface. Additional spines are present between the first three bands. Numerous scattered spines are lateral and posterior to the ventral sucker. Cone-shaped anterior organ, length 66 pm; pharynx length 13 to 15; ventral sucker diameter 22 to 24 armed with 108 hooks in three rows plus another 12 hooks in a half row on the inner anterior surface. Caudal trunk 320 to 350 by 37 to 39 ym with six pairs of 'caudal bodies' (a 13th body posterior to the others was seen in one specimen). After 48 h the width of the bodies had decreased from 11 to 4.5 pm and orange inclusions were present. Furca length 330 to 340 pm. Excretory system 6 + (2) pairs of protonephridia. Penetration glands arranged alternately behind ventral sucker. Eyespots absent. Cercariae penetrated into yellow perch and developed into metacercariae in their eyes. After 2 days in the fish they had a characteristic elongate shape (250 by 150 pm) with the widest part posterior to the ventral sucker. After 4 weeks at 15 "C, they measured 440 by 75 extended and 250 by 150 pm contracted. Almost all had black pigment in their intestinal caeca. After a further 4 weeks at the same temperature about half were fully developed (750 by 190 extended and 375 by 250 contracted) and had translucent caeca. The average dimensions of five fixed and mounted metacercariae (Fig. 5) were: total size 355 by 180, oral sucker 37 by 38, pharynx 26 by 24, ventral sucker 35 by 45, and tribocytic organ 80 by 100 pm. The prominent hindbody of live metacercariae (Fig. 6) was not visible in fixed specimens.
Remarks
In the subgenus Diplostomum there are six species in which the vitellaria typically are not TABLE I. Average number of cercariae recovered from the lenses and retinas of 13 fish exposed to free-swimming cercariae of D. adamsi, 10 fish injected with cercariae of the same species, and 10 fish exposed to free-swimming cercariae of D. sparhaceum. Fig. 8 . Ventral half of perch eye (fixed, lens removed) showing aqueous (on left) and vitreous chambers. The three swellings in the surface of the retina mark areas of parasitization. Scale bar = 1 mm. Fig. 9 . Eye from which retina has been removed to reveal a group of parasites lying on the pigment epithelium. Fig. 10 . Underside of removed layer showing location of Figs. 13 and 14 (arrow) . The retina separated along the choriocapillaris except where over the parasites. Fig. 11 . Surface of normal retina. (SEM photograph taken 300 pm to right of small swelling in Fig. 8 ). Scale bar = 5 pm. Fig. 12 . Surface of parasitized retina (SEM, middle swelling in Fig. 8 ). Note reduced number of nerve fibres. Scale bar = 5 pm. Fig. 13 . Twin cone from tissue above parasites (Fig. 10, arrow, SEM) showing ellipsoid (q) and outer segment (s). Also rod (r). Scale bar = 1 pm. Fig. 14 . Disorganized rods and cones from tissue above parasites (SEM). Many pigment-containing cells (p) also present. Scale bar = 10 pm. Fig. 15 . Numerous pigment-containing cells on tissue below the parasites shown in Fig. 9 (SEM). Scale bar = 10 pm. like D. adamsi, six pairs of caudal bodies. The cercariae of D. gasterostei and D. spathaceum (Fig. 4) have 12 or more pairs, and those of D. micradenum (Cort and Brackett 1938) have none. Dr. Dubois (personal communication) pointed out the similarity of the cercaria of D. adamsi to Cercaria yogena Cort and Brackett, 1937 , a species which develops in lymnaeids, has six pairs of caudal bodies (of which the first pair are smaller) and was observed to penetrate into perch. However, cercariae of D. adamsi were much larger. Comparative measurements for identically fixed specimens (hot formalin) were as follows: body length 232 pm (vs. 173 for C. yogena), caudal trunk length 318 (vs. 236), furca length 292 (vs. 221). In addition, the prominent yellow pigment granules mentioned by Cort and Brackett (1937) were absent, though as in cercariae of D. spathaceum a few orange granules were found scattered in the parenchyma, and in living specimens there was no constriction of the body just posterior to the ventral sucker.
Host Specijicity
Adult D. adamsi were recovered from the experimentally exposed herring gull. Flukes were not recovered from the eight ducklings, two chicks, or three pigeons.
Sporocysts developed in lymnaeid snails. Forty days after exposure, 27 of 34 surviving L. elodes were infected, 11 of 23 L. stagnalis, and none of 5 Physa sp. After 300 days the L. elodes were still shedding cercariae although by day 113 the L. stagnalis contained only 'empty' sporocysts and many of these were moribund.
Of the several species of fish that were exposed to free-swimming cercariae, only yellow perch became infected (Table 1) . Perch were rapidly covered by penetrating cercariae especially along the sides of the body behind the gills. Goldfish similarly exposed attracted no cercariae. To further test host specificity a concentrated cercarial suspension was injected into the body cavity of several fish species. Again, diplostomula were recovered only from the perch.
In a comparative study, the same species of fish were exposed to free-swimming cercariae of the related trematode D. spathaceum. All fish became infected (Table I) , the order of susceptibility being lake trout, perch, suckers, and goldfish.
Pathology
D. adamsi Five perch exposed to large numbers of cercariae of D. adamsi (1.6 cercariae per millilitre for 60 min) died within 24 h, probably from extensive brain hemorrhages which occurred at the time the cercariae were migrating. Five cercariae were recovered from the surface of the brain of one of these fish. Four perch exposed to smaller concentrations were dissected after 24 h and most of the cercariae recovered (350 of 375) were in the retina. Of the remainder, 24 were in the vitreous and one was in the lens. After 2 or more days all parasites found (487 from six perch) were in the retina. During the first 4 weeks (at 15 "C) they were scattered over the retina. After 8 weeks at the same temperature they had congregated in groups near the periphery. Wild-caught fish were heavily infected with the parasite. An average of 53 metacercariae per infection occurred in 98 of 114 perch, 13 to 26 cm in fork length, taken from Lake Ontario. The parasites were in groups of up to 20 or more beneath bulges in the peripheral retina, particularly in the dorsal and ventral areas near the dorsal ligament and the ciliary muscle (Figs. 8,  9 , and 10). SEM photographs showed that the nerve fibres on the inner surface of the retina were less obvious over the parasites (Figs. 11 and 12 ). Over one bulge nerve fibres were undetectable.
The cavity occupied by the parasites was formed by the separation of two layers; the photoreceptor cell layer (rods and cones) and the pigment epithelium. The photoreceptor cells were apparently still intact (Fig. 13 ) but were disorientated (Fig. 14) and free pigment-containing cells were present on their surface. Similar cells were abundant beneath the parasites where they obscured the pigment epithelium (Fig. 15) . In histological sections the photoreceptor cells (Fig. 16, d) were clearly seen over the parasites but were further apart than in normal tissue (8 twin cones per 100 micrometres versus 11 in control) suggesting that the retina had been stretched. There were fewer nuclei in the inner nuclear layer (Fig. 16, c) , and the inner synaptic layer (b) was thinner than normal (12 pm vs. normal 40 pm). The cells of the pigment epithelium (e) were more diffuse than normal, possibly because they were no longer channelled between the photoreceptor cells. Numerous mononuclear and polymorphonuclear cells (p), most containing black pigment, were free in the cavity.
D. scudderi Metacercariae of this species were found by Lester (1974) of Gasterosteus aculeatus. They were lying in a cavity similar to that formed by metacercariae of D. adamsi, i.e, bordered by the photoreceptor cell layer and the pigment epithelium, but the parasites had a much greater effect on the adjacent tissues (Fig. 17) . Beneath the parasites, the pigment epithelium was reduced to a strip of pigment 1-2 pm thick, and above them all that remained of the retina was a thin layer of connective tissue. Numerous pigment-containing cells were in the cavity, and pigment was present in the caeca of the worms. The metacercariae of D. gasterostei (Berrie 19601. D. adamsi. and D. scudderi were found in the hbst retina between the pigment epithelium and the photoreceptor cells. Adhesion between these two layers may be relatively weak because the retina typically detaches along this suture line in man and other mammals (Jubb and Kennedy 1963) . Jubb and Kennedy point out that the line represents the vestige of the cavity of the embryonic optic vesicle. By separating the photoreceptor cells from the pigment epithelium, the parasites cut off the retina from one of its major sources of nutrient, the choriocapillaris (Bernstein 1961) , and this may partly explain why in infections with D. adamsi the retina was unusually thin over the parasites. The cavity occupied by the parasites contained numerous pigment-containing cells. These may have been macrophages or possibly melanocytes as the latter are sometimes attracted to strigeid metacercariae (Roberts 1975) . Macrophages and proliferating pigment cells are often found behind a detached retina in man (Hogan and Zimmerman 1962) .
Discussion
Although the photoreceptor cells were still present adjacent to metacercariae of D. adamsi (and, judging from the figure given by Berrie (1960) , adjacent to metacercariae of D. gasterostei) there-can be little doubt that vision was lost in the area of the parasites because of the detached retina. The parasitized retina in D. scudderi infections is certainlv nonfunctional as the photoreceptor cells and other layers of the retina are completely destroyed. However, the overall effect on vision, at least with infections of D. adamsi and D. scudderi, is minimized by the parasites' peripheral location.
In experimental infections metacercariae of D. spathaceum and D. adamsi showed strong site specificity. Fish dissected 2 or more days after exposure to cercariae of D. spathaceum contained parasites only in the lens and never in the retina, a finding consistent with the work of Ferguson (1943) . Perch dissected 2 or more days after exposure to D. adamsi contained parasites only in the retina and not in the lens. There is a marked difference in the immunological reactivity at these two sites for the lens, unlike the retina, is impermeable to leucocytes and as it has no blood vessels is incapable of mounting a normal inflammatory response (Jubb and Kennedy 1963) . This may explain why lens-inhabiting forms such as D. spathaceum and D. mergi are found in many species of fish while retinainhabiting forms such as D. adamsi and D. gasterostei are more host specific.
This description of D. adamsi by no means completes the list of diplostomula from eyes of North American fish. D. scheuringi Hughes, 1929 from the vitreous humour of many species of fish, a diplostomulum from the retina of salmonids (Davies et al. 1973) , and a diplostomulum from the vitreous of rock bass (personal observation) all await discovery of the adult.
